ZUSGS

science for a changing world

Forest & Rangeland Ecosystem Science Center
In cooperation with Olympic National Park

Inventory and Monitoring of Amphibians in North Cascades
and Olympic National Parks, 1995-1998.

Final Report

Edited by
R. Bruce Bury
Michael J. Adams

20 December 2000

U.S. Department of Interior
U.S. Geological Survey



EXECUTIVE SUMMARY

Olympic National Park (ONP) comprises 370,000 ha of land on the Olympic
Peninsula in Washington State. The park includes the Olympic Mountains as well as a
100-km strip of Pacific coast. ONP has 13 species of amphibians: 3 stream/seep
breeders, 7 pond breeders, and 3 terrestrial breeders. Three resident amphibians
represent families endemic to the Pacific Northwest. ONP has the richest herpetofauna
of the three National Parks in Washington State.

We developed new inventory techniques for amphibians in streams, seeps, and
ponds in ONP in 1995. These techniques are suitable and effective for conducting broad
inventories when many surveys must be conducted over large areas. The techniques
can also be adapted to long-term monitoring and we have developed an example of this
approach for streams.

We conducted extensive surveys of streams (167), seeps (250), and ponds (167) in
ONP from 1996 to 1998. These surveys determined the distribution and, for streams,
abundance of amphibians over most of ONP. We found that most species were common
and widespread within the environmental limits that they were previously thought to
occur. One exception was the western toad which was rare at high elevations despite its
known ability to thrive at high elevations in other regions. The other exception was
Cope’s giant salamander which was not detected in the northeastern portion of the park
including the Elwha River drainage. Reed Glesne and Ronald Holmes simultaneously
conducted similar surveys in North Cascades National Park (NOCA; see attached
reports).

We assessed the association between amphibians and many environmental
variables. Cascade frogs were associated with shallow ponds with high attenuation of
ultraviolet-b radiation. This is consistent with a hypothesis that ultraviolet radiation may
be contributing to declines in Cascade frogs in other regions. However, we found no
evidence that Cascade frogs were declining in ONP. Cascade frogs were less likely to
occur when exotic fish (brook trout) were present and long-toed salamanders never co-
occurred with exotic fish. Stream amphibians were all associated with the steep climatic
gradients in ONP but climate alone did not fully explain the current distribution of Cope’s
giant salamanders.

Overall, we found few indications of serious amphibian decline in the parks and
definitely not of the magnitude that has been documented in other areas such as
Colorado and California where toads and ranid frogs have virtually disappeared in many
areas. All of the species that were not marginal to the parks to begin with, were relatively
common and widespread in our surveys. We have little historic information on the
distribution and abundance of these species for comparison so it is possible that some
have declined or increased in abundance. However, we see little reason to believe that
major changes have occurred.

We have three main concerns: 1) Some pond breeding species (long-toed
salamander, Cascade frog) may be reduced or eliminated by introduced fish. This does
not appear to be a major management concern in Olympic because these amphibian
species are common and widespread in the many fishless ponds that are available, and
fish are no longer introduced in ONP. The problem may be more serious in North
Cascades. 2) Toads were more rare than we expected in montane ponds of ONP and
NOCA. They appear common in some valley bottoms, but this is a species that was
historically common at higher elevation in other parts of its range. It is also a species
that has declined dramatically in other parts of its range. 3) The absence of Cope’s giant
salamanders on the northeast side of the ONP is surprising. This species tends to be a
habitat generalist compared to the other stream-breeding species and much suitable
habitat exists in the northeast corner of the park. Our analysis suggest that this pattern
is not entirely a result of the southwest to northeast climate gradient. We recommend
that hydrology and potential pollution from the Seattle area be investigated as possible
causes.



Both ONP and NOCA are important for long term monitoring. ONP is important
because of its environmental gradients and its diverse and unique amphibian
assemblage. NOCA is important because it is near the northern extent of the range for
several species. We have developed techniques and collected baseline data that will aid
future monitoring. These unique characteristics coupled with the amphibian data we
have collected provide an opportunity for long-term study of global change and
evaluation of declining amphibian hypotheses. We urge continued study and active
monitoring of these systems.

Table 1. Amphibians detected by this study in Olympic and North Cascades National Parks, 1995-
1998.

Species ONP NOCA
Tailed Frog (Ascaphus truei) X X
Red-Legged Frog (Rana aurora) X X
Cascade Frog (Rana cascadae) X X
Columbian Spotted Frog (Rana luteiventris) X
Pacific Treefrog (Hyla regilla) X X
Western Toad (Bufo boreas) X X
Long-Toed Salamander (Ambystoma macrodactylum) X X
Northwestern Salamander (Ambystoma gracile) X X
Rough-Skinned Newt (Taricha granulosa) X X
Pacific Giant Salamander (Dicamptodon tenebrosus) X
Cope’s Giant Salamander (Dicamptodon copei) X

Olympic Torrent Salamander (Rhyacotriton olympicus) X

Western Red-Backed Salamander (Plethodon vehiculum) X X
Van Dyke’s Salamander (Plethodon vandykei) X

Ensatina (Ensatina eschscholtzii) X




FORWARD

This report is the final product of a four-year project funded by the Natural Resource
Protection Program (NRPP) of the National Park Service. It represents the first phase of
a planned effort to establish long-term monitoring of amphibians and reptiles in Olympic
and North Cascades National Parks. The techniques and baseline data provided here
are intended to be incorporated into a larger effort to establish ecosystem monitoring.

Our work to obtain baseline data on amphibian distribution patterns and to develop
monitoring techniques is continuing in ONP under the National Park Service’s Inventory
and Monitoring Program (I&M). At the time of this writing, we consider the stream and
seep surveys in ONP to be complete with only minor gaps in the inventory (e.g., upper
Queets drainage). This report contains considerable information on pond amphibians,
but 1999 surveys funded by the I&M program will provide much additional information
and some conclusions may change. Finally, the I&M program will initiate terrestrial
amphibian surveys and reptile surveys to round out our coverage of amphibians and
reptiles.

Developing monitoring programs involves much interaction with other interested
parties and, ultimately, designs must be consistent with access and available funding.
We developed a basic monitoring design for stream amphibians using a sampling
technique we developed for this project. We will be using data collected here as well as
data from the I&M program to develop a monitoring program for pond amphibians. The
final implementation of amphibian monitoring will depend on further iteration and
integration with the broader goal to establish ecosystem monitoring in ONP. We hope
that the NRPP amphibian effort reported here provides a big first step towards that goal.

We focus reporting here on ONP where we concentrated our efforts. Concurrently,
we developed a similar sampling program at two other Washington National Parks. We
subcontracted studies at North Cascades (NOCA) National Park under the auspices of
Reed Glesne and Ronald Holmes (NPS). A parallel effort was directly funded by NRPP
via a contract with Gary Larson (USGS) who enlisted assistance from Barbara Samora at
Mt. Rainier National Park (MORA).

In 1995, we developed sampling protocols and provided training to all concerned
parties (all 3 parks) at a workshop held at ONP. Although we assisted NOCA and MORA
in initial design of surveys, some variations in techniques occurred due to local needs.
Overall, we report occurrence and abundance of amphibians using similar or comparable
methods.

This report focuses on efforts at ONP. Additional reports have been completed for
NOCA (Glesne and Holmes 1995, 1996, 1997, 1998). Field surveys continued at MORA
in 1999 and a final report will be available shortly. We are discussing options for
reporting and publication of results to ensure wide dissemination of this four-year, multi-
park effort.
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INTRODUCTION

As the magnitude of global declines in
biodiversity = becomes  more  apparent,
increasing emphasis is being placed on
documenting species occurrence patterns
and developing suitable means for
monitoring and assessing threats to
biodiversity. Traditionally, population size has
been a focus of monitoring, but is difficult to
measure and is unrealistic for examining
broad patterns involving multiple species.
Various indices of abundance can sometimes
be substituted for individual species, but the
relationship between such measures and
true abundance is difficult to establish and,
once again, this approach can become
daunting for large areas and multiple
species.

Efficient methods are needed to
periodically sample amphibian populations in
a manner suitable for inferring trends in the
desired response variables. The range of
inference may be a habitat or a region and
the response variable may be the relative
abundance or occurrence of a specific
species, species richness, or a community
matrix. The difficulty of developing such
methods is evidenced by the lack of suitable
protocols and historic data.

The U.S. National Park Service is
charged with preserving examples of the
native biota. It has become increasingly clear
that setting aside land in reserves does not
insure the preservation of the resident
species. Global effects such as climate
change and air-born pollutants can impact
species as well as more localized effects
from habitat fragmentation, exotic species,
and recreation. Such threats necessitate that
the biota of the National Park system be
inventoried and monitored and financial
constraints necessitate that the methods for
doing so be highly efficient.

Olympic National Park (ONP) comprises
370,000 ha of land on the Olympic Peninsula
in Washington State. The park includes the
Olympic Mountains as well as a 100-km strip
of Pacific coast. Elevations range from zero
to over 2000 meters. The Olympic Mountains
are isolated from other mountain ranges in
the region and are characterized by glaciated
peaks and steep elevational gradients. ONP
is almost entirely roadless and trails are
mostly confined to valley bottoms and some
steep ascents up to ridges and glacial

basins. Off of established trails, access to the
steep terrain is  difficult, potentially
dangerous, and time intensive. High
elevations are alpine meadow, rock, and
glacier; most of the rest of the park is old-
growth forest.

ONP has 13 species of amphibians: 3
stream/seep breeders, 7 pond breeders, and
3 terrestrial breeders (Nussbaum et al.
1983). One of these, the Olympic torrent
salamander is endemic to the Olympic
Peninsula (Good and Wake 1992). Five other
species in ONP are roughly endemic to the
Pacific Northwest: Cope’s giant salamander,
Van Dyke’s salamander, tailed frog, Cascade
frog, and western red-backed salamander.
Three resident amphibians (tailed frogs,
Olympic torrent salamanders, and Cope’s
giant  salamanders) represent families
endemic to the Pacific Northwest. There are
also six species of reptile (three of which are
garter snakes) on the Olympic Peninsula, but
only 3 are known to occur in ONP (common
garter snake, northwestern garter snake,
rubber boa). ONP has the richest
herpetofauna of the three National Parks in
Washington.

This report describes a four year effort
to describe amphibian distribution patterns in
Olympic and North Cascades National Parks.
The emphasis of this work was to conduct a
basic inventory of stream and pond breeding
amphibians. Doing this required the
development of new sampling techniques
suitable for covering a large area and for
replication at a later date. We also examined
habitat relationships and, to a lesser extent,
studied natural history patterns and
developed long-term monitoring protocols.
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SURVEY TECHNIQUES

Amphibian Survey Protocol for
Headwater Streams

R. Bruce Bury and Donald J. Major

Overview

This protocol was designed to examine
species richness and relative abundance of
amphibians in permanent headwater stream
systems. Permanent headwater systems are
defined as 1st or 2nd order streams with
continuous surface flow. The stream must
have an average wetted width of < 5-m at the
lowest portion of the hydroperiod (i.e., mid to
late summer).

This is a new sampling scheme for
streams that randomly selects 10 stream
meters per 100-m of stream. Amphibian
surveys are conducted in a tm wide “belt”
transect placed perpendicular to the main
channel at each of the 10 sites Figure 1).
Although area surveyed (mz) will depend on
the wetted width of the stream, all surveys

»

|:| Arza Jenrchor (1-#1 holis)
I:I Socp Scamhts (13 min or 30%)

Figure 1. Schematic of random-10 headwater
survey design.

will examine ~10% of the available area
within the 100 m section of stream. We call
this the “10% Rule”. Also, by incorporating
randomized sampling, predominant habitats
should be sampled proportional to their
availability.

Justification and Background

This method builds on prior sampling
methods for stream amphibians. Bury and
Corn (1991) employed one 10-m long belt
per stream. Welsh et. al. (1997) uses a
stratified random design which surveys 0.6-m
belts in proportion to numbers of habitats. It
required a habitat survey prior to the
amphibian  survey. Bury and  Major
(unpublished data) used three 5m long belts
equally placed within a 100-m section of
stream. These methods offer standardized
and repeatable surveys. However, we
propose a system with random selection of
belts in stream sampling.

Methodology

Many of the stream measurements and
sampling are in Bury and Corn (1991). The
new survey will be conducted in 4 stages:

Stage 1: Stream Segment Establishment

Search along all trails and roads in a
drainages for permanent streams in the fall
prior to each vyears surveys. Record the
location of suitable streams by pacing the
distance to them along the trial from obvious
landmarks or using a global positioning
system. This will define the population of
streams for which the surveys provide
inference. In this manner, surveys will not be
limited to mapped streams and will include
permanent waters. At ONP, we randomly
selected half of the identified streams in each
drainage for sampling.

For each randomly chosen stream,
establish a start point 30-m upstream from
the trail, then randomly chose 10 *tm belts
out of the next 100 possible belts. Surveys
will occur at these belts.

Stage 2: Characterization of Physical
Features

Prior to surveying each 1-m belt for
amphibians, = measure stream morphology
and general habitat characteristics.
Definitions are included in Table 2.

Stream Morphology
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A 1-m long marker stick in combination
with pin-flags was used to delineate the tm
belt. Stream width (wetted) was measured at
the downstream edge of each 1-m belt.
Water depth was measured at the
downstream edge of each 1-m belt and
recorded as the average of three
measurements taken equi-distance across
the wetted width (Figure 1). Gradient was
recorded at 0, 50, and 100-m wusing a
clinometer and fixed reight stakes. Gradient
measurements were taken from the thalweg
(the lowest point in the stream channel).

General Habitat Characteristics

Substrate was visually estimated and
recorded at the downstream edge of each *+
m belt using a 0.1 x 0.3 m view box. We
constructed view boxes by cutting a
rectangle out of the bottom of a plastic “shoe”
box and then gluing a piece of plastic glass in
the hole (secured with bolts). Substrate is
classified into 2 categories (Dominant and
SubDominant) based on substrate size
(Platts 1983). Habitat was recorded over the
entire area of each belt. Flow was visually
categorized as percent ‘Fast’ flowing (i.e.,
riffe) and ‘Slow’ flowing (i.e., pool).
Climatological data will be taken 1-m
downstream of the starting point for the
stream segment. If multiple days are
required to complete the survey, we recorded
climate data for each day.

Stage 3: Amphibian Sampling

Prior to the survey, visually scan the
belt area for animals. Small streams (<1.5-m
wide) require a single surveyor to conduct
the search (and one person to record).
Survey larger streams (>1.5-m) using 2
people and start from the center of the
stream and work towards the edges. Limit
stream amphibian searches to the loose
surface layer of substrate on the stream bed
and all objects in contact with the wetted
edge of the stream (i.e., use a ‘light touch’).
Pick-up and replacement of objects is
preferred. To increase detection of animals,
we recommend the use of a viewbox (0.1 x
0.3-m) in combination with wire screens or
dip-nets with a Dshaped rim. No boulders,
rocks, or large woody debris that are
embedded or wedged tightly are to be
moved. However, run hand along surfaces
as this can dislodge or flush animals.
Captured animals are placed in water filled

bags, measured, and released at capture
point.

Stage 4: Seep Surveys

Besides stream surveys, we conduct
surveys of seeps, springs, or rivulets
encountered both along the stream and
within the riparian area along either side of
the 100-m survey unit. Survey these areas
with the same ‘light touch’ defined above.
Survey these sites using the 50/15 rule: 50%
of the area or 15-minutes per site, whichever
occurs first.

Exceptions

If the randomly selected sample point is
deemed unsafe by surveyors, then select
another random number. Otherwise, stick
with the original random numbers or adjust
belt position as in the following scenarios:

*Large log across stream- Survey
immediately below log.

*Waterfall- Survey at base of waterfall if
enough horizontal area.

*Deep plunge pool- Survey shallows
(<0.5-m deep).
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Table 2. Definition of stream sampling variables.

Location Information

SITE NAME - A name that has some relation to the site being surveyed, such as the name of the stream.
SiTE NUMBER - This will be provided by the computer when data is entered.

DATE - dd/mm/yy

T - Township determined from map.

R - Range

S - Section

1/4 - 1/4 Section

1/16 - 1/16 Section

WEATHER - Code:

Cloud cover Precipitation Wind
CL=Clear D=Dry C=Calm
PC=Partly Cloudy F=Fog LB=Lt Breeze
CO=Cloudy/Overcast M=Mist MB=Moderate Breeze
LR=Lt Rain W=Windy
HR=Heavy Rain G=Gusting
SL=Sleet
SN=Snow

AR TEMP - Should be taken at least 1 meter above the stream. Use degrees Celsius, unless only a Fahrenheit thermometer is available.
Circle C or F depending upon scale used.

WATER TEMP - Temperature of the water within the stream. Use degrees Celsius, unless only a Fahrenheit thermometer is available. Circle

C or F depending upon scale used.

UTM-N and UTM-E - determined as accurately as possible from topographic map.

SURVEYORS - Record the first, middle, and last initial of those people actually doing the survey.

RECORDER - Record the name of the person that is recording the data. If a recorder is also a surveyor, place their initials in both places.

ASPECT - General direction that the survey site (at stream meter 0) and surrounding area is facing (e.g., N,NE,E,SE,S,SW,W,NW).

GRADIENT - Measure of slope taken at stream meter 0, 50, & 100-m of stream survey. Recorded as a percent (0-90%)

PHoTO TAKEN - Indicate whether a photo was taken for the region being surveyed.

STREAM M - Indicate the stream meter at which the photo was taken.

RoLL# - Indicate the film roll that the picture is on.

PICTURE # - Indicate the picture number for the roll that you are using.

Stream Measurements
STREAM METER - "0" is used to indicate the stream meter where the survey starts. If multiple plots are done within a survey, then each plot
is identified by the stream meter at the downstream end of the plot.
WIDTH - The average width of the plot being surveyed, from wetted edge to wetted edge. Measurements should be recorded in cm.
DEPTH - Measured in cm while facing upstream.
"L" measured halfway between center and left bank
"M" measured in the center of the stream
"R" measured halfway between center and right bank.
FLow - Looking over the entire belt. Indicate percent of water that is fast flowing (e.g. riffle) and percent that is slow flowing (e.g. pool).
Percents should add up to 100.
SUBSTRATE - See Capture Data Form for Substrate categories. Measurements will be taken from visual categorization of the Dominant and
Sub-Dominant substrate occurring on each 0.3-m line segment as you move across the stream (Left to right - facing upstream)
Dom = the dominant substrate across the entire transect
Dcnt = total number of times Dom (from above)was observed
Sdom = the next dominant substrate after Dom across the entire transect
Scnt = total number of times Sdom (from above) was observed
Total = total number of 0.3-m line segments across the stream
INST COVER % - LWD = Large Woody Debris (>5-cm diameter)
OD = Organic Debris (other than wood, ex. leaf litter)
UB = Undercut Bank.
For the plot being surveyed indicate the percent of the plot that is covered by each type of cover.
OVER ST % Cov - Percent of the stream that is shaded by vegetation.
COMMENTS - General comments/notes pertaining to the specific survey ( e.g., deviations from protocol, problems encountered, etc) and/or
general departures from the ‘norm’.

Map and Capture Summary

METHOD - Indicate the type of survey method being used (i.e. 10 random 1m w/in 100m, 10m Bury/Corn).

START - Time when you start surveying the plot. This does not include time for measurements, or map drawing.

END - Time when you finish surveying the plot. This does not include time for measurements or map drawing.

Map - Before the start of the survey, draw a basic outline of the plot. Identify major aspects of the section (i.e. large boulders, downed logs,
pools). On the left side of the map indicate the stream meters at which the plot starts and ends and give an approximate scale of
width across the bottom.

CAPTURES SUMMARY - At the end of the survey, summarize the species captured, their stage and sex (if possible) and the number captured.
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Sampling Pond Amphibian
Communities In Montane Habitats’
R. Bruce Bury and Donald J. Major

Introduction

There is a clear need for regional or
national inventories, tested and reliable
sampling  methods, and  standardized
protocols for pond-breeding amphibians
(Corn and Bury 1989; Heyer et al. 1994b;
Green 1997). However, amphibian sampling
generally requires a trade-off between
rigorous  statistical design (often  with
labor-intensive methods that are able to
assess only a few populations) and
techniques that can be employed over wider
landscapes (i.e., increased coverage better
measures variation in aquatic ecosystems).
Also, standardized techniques are necessary
to determine animal occurrence and
abundance for inventories that are generally
visits to many sites in one time period (e.g.,
one summer) or monitoring that usually
embraces attempts to detect changes in
population parameters over time.

Specifically, we needed to inventory and
monitor amphibians in montane lakes, ponds,
and wetlands in National Parks of the Pacific
Northwest. These parks encompass large
geographic areas with highly varied habitats
and great elevational changes over short
distances. Information on amphibians is
essential because there is a mandate to
protect all wildlife within these parks. Thus,
there was high biological and management
interest to inventory the current distribution of
amphibian populations (e.g., this sampling
protocol) and, in subsequent years, to
implement a monitoring program to determine
trends with repeated surveys at selected
sites.

Although our goal was to develop an
effective sampling design for montane waters
within the Pacific Northwest, the design
should be applicable to other regions (see
Olson and Leonard 1997). In  Olympic
National Park, we needed to sample many
sites in montane areas, waters with a variety

! This paper was previously published in Northwest
Fauna 4, a publication of the Society for Northwestern
Vertebrate Biology.

of habitats, and where there was access to
most of the shoreline. The design may be
adapted to lowland situations without shrubs
or other vegetation blocking access around
the shoreline. In heavily vegetated waters,
funnel trapping alone is the preferred option
(Adams et al. 1997).

Our objectives were to: (1) design a
sampling regime based on random selection
of study sites; (2) evaluate criteria for
selection of sites and sampling techniques;
and (3) develop a methodology to inventory
the species richness (number of species
present) and occurrence patterns of aquatic
amphibians.  This chapter provides a
step-by-step description of the design and
sampling techniques to inventory amphibians.

Integrated Sampling Protocol

Because specific  questions and
objectives of each study drive the sampling
design and scope of projects, it is useful to
have a "tool box" available with alternative
methods and techniques. Small waters (e.g.,
ponds) are entirely surveyed by what is called
a ‘Basic Survey’ (Thoms et al. 1997), which is
a visual search around a pond’s perimeter
and shallows. Larger waters require more
effort (person-hrs) because of their size but
actually have proportionately less coverage
(e.g., the deeper parts are not surveyed).

We present an integrated sampling
protocol that requires more effort than ‘Basic
Surveys’ but is less time-consuming than
intensive, habitat-based searches (e.g.,
Crisafulli  1997). Although serving as an
option between these two approaches, we
also offer the protocol as an effective
sampling tool to inventory amphibians over
large landscapes. Further, this new protocol
is (1) adaptable because it encompasses the
range of sizes among sites and the varied
types of aquatic habitats within sites, and (2)
integrative because we employ several
techniques to sample amphibians.

The sampling design is based on
several sources. First, we re-examined the
approaches and standardized data forms
prepared in earlier methodologies on
amphibians in western North America: (1)
terrestrial (Corn and Bury 1990), (2) stream
(Bury and Corn 1991), and (3) ponds (Corn et
al. 1989). These were considered with recent
advances in techniques (Heyer et al. 1994a;
Fellers and Freel 1995; Green 1997). Then,
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we developed a working draft and field-tested
the sampling design in the summer of 1996.
Here, we attempt to incorporate these
innovations into one system for pond-
breeding amphibians. Much of our design is
included in a recent publication (Bury and
Major 1997).

We define relative abundance as how
many individuals of each species were
observed or caught per unit time. It is not a
population estimate, which requires rigorous
studies repeated over time to be valid (e.g.,
mark-and-recapture techniques). The new
protocol should reveal regional distributions
and occurrence patterns of pond-breeding
amphibians  (Presence/Not  Found). We
suggest avoidance of the term ‘absence’ as it
is difficult to prove species are absent,
particularly amphibians which tend to be
cryptic, nocturnal and seasonally abundant
(Fellers 1997).

Site Selection

Identification of Study Sites

We use USGS 7.5 Topographic and
National Wetlands Inventory maps to locate
water bodies. A Geographic Information
System helped identify these waters in
Olympic National Park, our primary study
area. Within each basin, we plot increasing
zones around the periphery of each identified
water body, which creates polygons and then
patterns of lake distribution (isolated waters
or clusters). For polygons (clusters) with 4 or
more sites, we randomly select 50% within
each polygon for surveys. All waters are
surveyed in polygons with <3 sites.

As an example, we found 57 mapped
waters in a cluster located in the Seven
Lakes Basin of Olympic National Park, which
were all in the Sol Duc River drainage. We
randomly selected 50% (n=28) of the sites
within this cluster for surveys. One adjacent
lake in the Bogacheil River basin was
relatively close to the Sol Duc cluster. We
surveyed it as an additional site.

Random Site Selection

Integrated sampling can be used with
complete, representative or random sampling
of study sites (Fellers 1997). The large size
and remoteness of the National Parks
precluded complete surveys. Representative
sampling was not used as we would need to
first determine the range and distribution of all

waters. Also, preliminary analyses revealed
great variability in size and type of waters
across basins, in part related to marked
topographic  relief and different glacial
histories. Purely random site selection would
require arduous and unsafe work. In a few
cases, sites are not accessible or rarely
available (e.g., melt pools below glaciers that
can be reached only during a few weeks in
the summer).

We decided to use a stratified random
process because of the large area needing
surveys within each National Park and
funding restrictions. Our sampling did not
cover the full range of habitats available
because of the isolation and remoteness of
some sites. Rather, sampling sites were
reasonably accessible from roads or trails:
within moderate (2 km) hiking distances.
Much of the survey work is still in back
country or wilderness areas.

We randomly selected 50% of identified
and accessible waters within each basin,
which proved to be the most efficient way for
us to sample all basins in the parks with the
time (summer access only to most basins)
and funding available. Stratified random
selection of sites within each basin maintains
a degree of statistical rigor in sampling that is
lacking in many other studies. Return visits to
sites will be enhanced because they are
reachable within a few hours hike of existing
roads or trails. This is an important
consideration for future monitoring efforts that
require repeated visits during varied periods
of seasonal activity by amphibians.

Survey Design

Survey Techniques

Daytime Searches

Basic Surveys or Visual Encounter
Searches (VES) are the most frequently used
technique and are the standard method for
pond-breeding amphibians (see Corn et al.
1989; Fellers 1997; Thoms et al. 1997).
Search methods vary with site conditions.
They involve visual searches and occasional
use of a dip-net to check the shoreline and
littoral environments. In smaller waters,
habitats are completely sampled. For larger
waters and complex habitats, subsampling is
conducted (see below).

Surveyors orient to the site with the use
of air photos or maps prepared from air
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Table 3. Survey time (hours) allocated by habitat type for montane waters. These are actual times for surveys

by a crew of two.

Shallow Waters (<1 m deep)

Deep Waters (>1 m deep)

Small Ponds, Tarns,

Large Meadows,

Small Lakes, Large Large Lakes

Potholes Wetland Complexes Ponds
Survey Time
General Time 0.5 1 1-2 2
Maximum 1 1 2 3
Survey All areas All areas All shoreline Shoreline by priority
photos. The recorder draws a field map of project and scientific collecting permit
the selected site on mapform (part of the field number). Adams et al. (1997) provide
form). Leave ample room to map waters guidelines for efficient trapping. We set a

found during 100-m periphery searches
(described below). Determine the type of
water (size, depth) and habitats to be
surveyed (Table 3). We conduct surveys
during times of maximum amphibian activity
for anurans (generally 1000-2000 hrs).

Funnel Trapping

Overnight funnel trapping is an integral
part of sampling because it provides
additional presence information, especially on
salamander larvae that often are cryptic or
active at night. Also, trapping is a repeatable
method (e.g., the number of traps per habitat
patch is constant) that is less affected by
observer biases than are other techniques
(see Adams et al. 1997). Accessibility to, and
around, sites can determine the extent of
funnel trapping. We recommend use of traps
at all study sites, except those that present
dangerous conditions (e.g., steep shorelines,
cliffs, ice fields) or that cannot be checked the
next morning (e.g., a pothole 2 km away
reachable only by a cross country trek). It is
more efficient to sample accessible ponds
and lakes than to spend time trying to reach
remote sites or parts of sites.

We employ a new minnow trap:
portable, mesh-net traps (ca. 0.4 m long) with
square throats (0.2m on each side; Nylon Net
Co.1). Preliminary field tests show equal or
better capture rates in mesh traps than with
wire screen traps (R. B. Bury and C. A. Pearl,
pers. obs.). The main alvantage of the mesh
traps is their light weight and portability (they
fold flat) compared to metal-wire or plastic
minnow traps. We used no bait. We place
traps so part of the trap is above the water
line to avoid possible drowning of adult frogs
or salamanders, which are occasionally
caught in the traps. We secure traps to shore
with cord and attach waterproof labels (name,

minimum of six traps for each site that only
had rocky substrate (including gravel, silt).
For sites with distinct habitats (e.g., shallows
with vegetation or coarse woody debris), we
set two traps for a 25 m? habitat unit and then
added one trap each time the area of the
habitat unit doubled (following the guidelines
of Adams et al. (1997) or until all traps were
used).

Periphery Survey

Unlike other techniques, we also survey
a 100-m belt around the periphery of selected
sites (Figure 2). We found that the 100-m
sweep reveals small wetlands (marshes, wet
meadows, ephemeral pools) that are absent
on topographic or National Wetland Inventory
maps. These are important habitats for
amphibians (Table 4). Moreover, use of these
habitats differ by species. For example, we
found a high frequency of adult Cascade
frogs occurred in lakes, but there was little
evidence of eggs/tadpoles (Figure 3). The
peripheral areas with small ponds had high
occurrence of both adult frogs and their
eggs/tadpoles (Figure 3).

We recorded presence and counts of

Figure 2. Schematic diagram of survey approach
for an integrated sampling protocol.
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Table 4. Frequency of occurrence of amphibian species by aquatic environment in summer 1996, Seven
Lakes Basin, Olympic National Park, Washington.

% Sites
No. Sites Ambystoma spp Rana cascadae Bufo boreas None
Lake 12 50 92 8 8
Pond 61 59 46 0 11
Meadow 7 57 71 0 29
Stream 13 8 62 8 23
Total 93 44 56 2 14

individuals for all amphibians and reptiles
observed while walking in the peripheral area.
The starting point and direction of searching
for non-mapped waters are at the discretion
of the field crew. For economy, we select
every third wetland encountered within the
100-m area for a ‘Basic Survey’ (daytime
search). If even part of the water body
extends into the 100 m perimeter, the entire
adjacent habitat is surveyed. Peripheral areas
generally require <2 hr to survey per
identified site.

Opportunistic Searches

Incidental records and observations of
herpetofauna may document rare species or
events (e.g.,, overland movements of
anurans), and are always recorded in a field
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Figure 3. Frequency of occurrence (%) of
amphibians by stage and survey area (Site vs.
Periphery), Summer 1996, Seven Lakes Basin,

log. We record all observations of amphibians
and reptiles while hiking, moving between
sites, and around the 100-m sweeps of
mapped sites.

General Habitat Criteria

Some sites may have areas that are
unsafe to survey or are inaccessible (e.g.,
cliffs, water >1 m deep near shoreline,
undercut banks); we do not survey them. For
larger waters, we identify habitats that most
likely harbor amphibians: cover (e.g., coarse
woody debris or vegetation), shallows
(sometimes with vegetation), and north
shores. We survey these habitats first. Types
of water sizes and habitats vary (Table 3),
and are searched differently. The main types
we encounter are listed below. In all cases, if
animals are observed, we attempt to capture
them for positive identification.

Many elements of pre-field work, survey
logistics, and post-survey work discussed
elsewhere (Fellers and Freel 1995; Bury and
Major 1997; Crisafulli 1997; Fellers 1997,
Thoms et al. 1997) apply to our sampling
design. Only specific differences or
emphasis are highlighted here.

Search by Water Size

Shallow ponds include waters with
vegetation across the middle of the pond or
where the shoreline lacks evidence of wave
action. Generally, these are smaller-sized (1-
2 ha maximum), but flooded meadows can be
larger. These usually are sampled with ‘Basic
Surveys'.

Deep ponds (or lakes) are waters that
are >1 m deep, lack vegetation in the middle,
and often have a distinct shoreline (open or
silt areas from wave action). For these larger
waters, we subsample the shoreline with an
Area Constrained Search (ACS). Details of
these standard methods are provided
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elsewhere (Corn and Bury 1990; Bury and
Corn 1991; Heyer et al. 1994b; Crisafulli
1997; Thoms et al. 1997). The level of effort
for ACS and TCS depends on the location
and types of habitats encountered (Table 3).

Search by Habitat Type

Open areas of rock, bedrock, sand or silt
are searched by a ‘Basic Survey’. Walk back
and forth (zig-zag pattern) in water < 1-m
deep and turn rocks along shoreline until you
encounter another habitat type. Subsampling
is necessary if the area is strewn with rocks
or boulders. For example, subsample by
turning all objects in +m” plots every 5 m of
shoreline. Be sure to return rocks as close to
their original position as possible. We conduct
net sweeps every 5 m, even if no animals are
visible (also see Crisafulli 1997; Thoms et d.
1997).

Aquatic  vegetation (emergent  or
submergent) often occurs in bays and
shallows of larger waters or entire ponds. To
standardize, conduct ‘Basic Surveys’ that are
timed based on the areal extent of the
habitat. First, estimate the area of submerged
and emerged vegetation in waters out to tm
deep. Then survey based on a timed search
per area of habitat (e.g., 1 min search per 1
m? of habitat); thus, if a habitat area has 42
m? (3 x 14 m area), search with the ‘Basic
Survey’ for 42 min.

Coarse woody debris is searched with
the same technique as for aquatic vegetation,
but may require more effort because animals
generally hide under cover objects. Carefully
turn or move debris by hand or probe along
edges of unmoveable objects with your hand
or net (sometimes reveals animals). Be sure
to return objects to their original position and
place.

Logistics

Personnel should be a minimum of a
two person crew: one to search in the littoral
zone to 1-m deep and the other to survey
along the shoreline and shallows as well as
serve as recorder. The second person should
stay 1-2 m back from the first biologist. If
available, a third person can record data and
map sites.

Coverage is wusually two sites/day,
depending on travel time, size of waters
selected, and rnumber of non-mapped waters
found around the selected sites. We suggest

a maximum of two days effort at any site
(Table 3).

Frequency of Visits

Surveys dependent on a dichotomy
(Presence/Not Found) can be misleading
because many factors can affect the
outcomes. For example, breeding phenology,
weather, species detectability, and observer
bias can greatly reduce the reliability of
determining presence (Fellers 1997; Thoms
et al. 1997). Many factors can be controlled
by common sense or knowledge of species
biology (see Nussbaum et al. 1983; Leonard
et al. 1993; Fellers 1997; Olson and Leonard
1997). Thus, species presence obtained from
one visit to a site may not reflect "true"
richness. Two visits are recommended,
especially where there are different species
with early or late breeding seasons, which is
often encountered with anurans.

Data Collection

Correct identification and measurement
of captured animals is important. Data on
individuals is recorded by: hand-capture,
dip-netting, and visual observation. If >25
individuals of one species are captured and
observed (positive identification, approximate
sizes discernible), visually estimate if there
are multiple sizes (age classes). If so,
measure 10 of each size class. If not,
measure 20 or more individuals until able to
differentiate size classes.

Do accuracy checks. Upon completion
of surveys, check data forms for errors,
missing data, etc. (see also Thoms et al.
1997). Recheck upon return to base camp as
time lags inevitably increase error rates (e.g.,
just where was that frog on Aug. 2nd at 0825
hrs). It is best if the same people who
conducted the surveys enter the data into
computer files.

Unresolved Issues

Observer Bias

Observer bias (or error) can greatly
affect the reliability of collected data.
Although a major issue with bird surveys,
observer bias is seldom addressed for
amphibians. Heyer et. al. (1994b) only briefly
allude to the problem. Accuracy checks are
vital for visual estimates of area, identification
of species, measurements of captured
individuals, etc. This information helps define
the type and magnitude of error or bias in
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different observers. If deviations from the techniques and protocols for monitoring
protocol are required, denote the change and changes in amphibians  over  time.
what was done (e.g., the final 100 m of the

lake was not surveyed because there was a

bear with a cub on the shoreline). We need to

strive to reduce observer bias by

standardization of techniques, consistency in

adherence to protocols, intensive field

training, and employment of the same field

crews over each field season (see Corn et al.

1989; Fellers and Freel 1995).

Detectability

We suggest that training be given
priority because of the need to better develop
species detectability indices and estimates of
observer bias. Species detectability is a
measure of the probability of detecting a
species when it is present. A species that is
widespread in occurrence and occurs in high
numbers will be easier to detect than one that
is patchily distribution or in low numbers. The
behavior of species vary, too. We need to
better understand how well the sampling
method “detects” the species that occur at a
study site, basin or region. This information is
useful in determining modifications in survey
intensity or incorporation of new techniques.
An inventory protocol should include
techniques that are fine scale enough to
reveal 'rare' species (i.e., the sampling
intensity or technique detects species that
occur in low densities, are patchily
distributed, or cryptic). If not, additional
sampling techniques specific to these animals
may need to be developed.

We strongly suggest that detectability
estimates be determined at a few sites each
year for any technique or protocol being
used. At a minimum, sites should encompass
simple versus complex habitats and varied
species composition (few to many species
and life history stages). Further, these sites
should be visited throughout the season to
identify possible temporal changes in species
detectability.

Species detectability estimates have
been developed for stream amphibians (Bury
and Corn 1991), and briefly discussed
elsewhere for amphibians (Heyer et al.
1994b). The reliability of this integrated
protocol and almost all other techniques to
detect "rare" species (e.g., those with low
densities or patchy distributions) remains
untested. Moreover, these estimates are
particularly vital to build better sampling
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SURVEY RESULTS

Association of Stream Amphibians
with Climate Gradients and the
Characteristics of Headwater Streams

Michael J. Adams and R. Bruce Bury

Introduction

Olympic National Park (ONP) provides a
unique opportunity for study of ecological
patterns along environmental gradients. It is
situated on the Olympic Peninsula in
Washington State, USA, and contains the
bulk of the Olympic Mountains. The Olympic
Mountains are isolated by water and low
elevation areas from other ranges such as
the Cascade Mountains (ca. 80 km east) and
the Willipa Hills (ca. 60 km south), and are
surrounded by the Pacific Ocean to the west,
the Straight of Jaun de Fuca to the north, and
Hood Canal and Puget Sound to the east.
The Ol